The absorption characteristics were explained by simulation of the UV-Vis spectra using the TD-DFT method. Additionally, computational studies were performed in order to discover the effect of the counter ions via various weak intra-and intermolecular interactions present in the solid state structures. The nature of the interactions was further investigated by topological charge density analysis using the QTAIM method.
Introduction
were introduced to 2-cyanopyridine/Ag reaction, Ag2L4 2+ building blocks containing two terminal pyridine bound ligands in addition to two bridging ligands, were again linked by the counter ions in solid state. 20 On the other hand, 4-cyanopyridine has produced a ligand bridged catena compound with nonbonding BF4 -anions. 21 Simultaneously, cyanopyridines in the bridging mode have been used as terminal stoppers in order to control structure diversity, and to stabilize discrete silver acetylide clusters, to prevent them from yielding polymeric molecules. 22, 23 Cyano derivatives of imidazole and their metal complexes are less explored. Common to these compounds is the more acidic character of the ligands rather than the imidazole itself, and formation of complexes as anions after deprotonation. In the catena-Zn-dicyanoimidazolato complex the chain is built up by only utilizing the two imidazole nitrogens, the cyano groups remain unbound. 24 4,5-dicyanoimidazole was demonstrated to be a good template in the assembly of Cd-alkali metal-organic frameworks and a series of coordination polymers were obtained by altering halides and alkalimetals. The ligands purely utilized the imidazole nitrogens for coordination at Cd centers and the cyano groups coordinated at alkali centers. 25, 26 The use of 4,5-dicyanoimidazole with copper has always led to deprotonation of the ligand and direct attachment by the imidazole nitrogen 27 , or bidentate coordination via carbonyl assisted alcoholysis reaction 28 . Likewise, a deprotonated dicyanoimidazole is present in a chiral 3D
porous framework [Cu(dicyanoimidazolate)]n. Gas absorption was studied after guest solvent molecules were removed from the material. 29 Among silver complexes, catena-Ag(2-amino-4,5-dicyanoimidazole), where the ligand utilizes both the two imidazole and one cyano nitrogen for coordination, the imidazole ring again exists in deprotonated form. The cooperative coordination of two types of nitrogens led to the formation of impressive SHG (second-harmonic generation) activity in the complex. 30 The variable role of the counter ions was recently studied in silver supramolecular complexes generated from polydentate ligands containing cyano and pyridyl groups. In the solid state structures, the NO3 -counter ions behaved as coordinating ligands, while ClO4 -, BF4 -, and SO4 2- were considered to be non-coordinating. 31 Therefore, modification of counter ions could be shown to considerably affect the structural features, thus providing a means for crystal engineering.
In the present study, we investigated the contribution of the counter ions in the solid state architectures developed in the reactions between 4,5-dicyano- 
Crystal Structure Determinations
The crystals of 1-3 were immersed in cryo-oil, mounted in a Nylon loop, and measured at a temperature of 120K. The X-ray diffraction data were collected on a Bruker Kappa Apex II Duo diffractometer using Mo Kα radiation (λ = 0.71073 Å). The APEX2 32 program package was used for cell refinements and data reductions. The structures were solved by direct methods using the SHELXS-2014 33 program with the WinGX 34 graphical user interface. A semiempirical absorption correction (SADABS) 35 was applied to all data. Structural refinements were carried out using SHELXL-2014. 33 The triflate counterion in 1 was found close to the special position and was refined with 0.5 occupancy. Hydrogen atoms were positioned geometrically and constrained to ride on their parent atoms, with C-H = 0.95-0.98 Å and Uiso = 1.2-1.5 Ueq (parent atom). The crystallographic details are summarized in Table 1 . 
Computational Details
All models were calculated with the Gaussian 09 program package 36 at the DFT level of theory.
The hybrid density functional PBE0 37 was utilized together with the basis set consisting of the def2-TZVPPD 38 effective core potential basis set with triple-zeta-valence basis set with two sets of polarization and diffuse basis functions for Ag atoms, the standard all-electron basis Absorption characteristics were studied for single molecular models ( Figure S4 ) with the TD-DFT method at the same level of theory as the more extended models.
Results and discussion
All the reactions were conducted in a 1:1 molar ratio of the silver salt and the ligand to exclude the effect of reaction conditions and to reveal the sole effect of the counter ions. In addition, the solvents, as far as possible within the limits of solubility, were the same in each reaction.
The methyl group substituent in imidazole nitrogen detracts deprotonation and simplifies the study of the counter ion by limiting the possibilities for side reactions. In the IR spectrum, the C-N stretching vibrations appeared at 2245 and 2255 cm -1 , shifted from the 2237 cm -1 of the free ligand. The shifts to higher frequencies are characteristic for end-on coordination of nitrile to the metal center, but systematic information that links the coordination mode and the shift is lacking. The shift to lower frequencies is usually attributed to side-on coordination of the cyano group. 42 In order to compare the side-on and end-on coordination,
we calculated the C-N frequencies with the DFT method in limited molecular AgL models.
The results showed a similar shift in the C-N stretching frequencies to that of the experimental frequencies, which agrees well with the end-on coordination of the cyano group.
In the solid state structure of 1 the metal:ligand ratio is 1:2 even though the synthesis was done with equal amounts of starting materials. To test the effect of the ratio, the reaction was repeated with Ag:L = 1:2. Clear crystals were formed and the determination of the unit cell confirmed the same product to that in the original synthesis. showing the 3D structure. The counter ions are omitted for clarity.
Synthesis and structure of [Ag2(4,5-dicyano-1-methylimidazole)2][NO3]2 (2).
When the CF3SO3 -was changed to NO3 
Synthesis and structure of [Ag2(4,5-dicyano-1-methylimidazole)2]n[ClO3]2n (3).
When the counter ion of the silver salt was further changed to ClO3 In the solid state structures, the number of coordinated ligand atoms to the metal center is 4, 2 and 3 for 1-3, which indicates that the nature of the counter ion has a crucial effect on the selfassembly of silver coordination polymers.
Santillan et al. have experimentally studied the effect of the charge density localization and the shape of the counter ion on the crystal packing schemes in silver coordination polymers with oxygen containing ligands. They concluded that differences were formed through different hydrogen bonding patterns. They also suggested, that ligands with a less delocalized charge density have a greater tendency to act as bridging counter ions. 43 In our study, the structures of the counter ions were of a similar type and therefore their delocalization properties did not differ enough to explain the different behavior.
Computational Charge Density Analysis
We performed a topological charge density analysis according to QTAIM in order to obtain information on the relative nature of the coordinative interactions between the silver ion and the ligand and the counter anions. Figure 7 . lists the most important bond critical points in a simplified presentation of the solid state structures and Table 2 . shows the selected properties of the electron density at these BCPs. It should be noted, that the actual calculations were performed with more extended models shown as supplementary material (Figures S1-S3 ). corresponding bond critical points. The numbering of the BCPs is followed in Table 2 . Table 2 . Selected properties of the Ag-N and Ag-O interactions in compounds 1-3. The properties are calculated according to the QTAIM analysis at the corresponding bond critical points. The numbering of the BCPs is shown in Figure 7 . The properties are: bond distance (d, Å), electron density at the BCP (ρ, eÅ -3 ), ratio of the potential energy density and the kinetic energy density (|V|/G), and interaction energy (EINT, kJmol -1 ). In all structures, there is a clear preference for coordination via the imidazole nitrogen, as can be expected from the previous studies on substituted imidazole complexes. However, the cyano groups are also able to form strong coordination bonds with silver ions, so that the strength of the Ag-N interaction grows in the order of N(3) < N(2) < N(1). Interestingly, the oxygens of the counter anions also coordinate fairly strongly, even more strongly in the case of NO3 -and coordination is most profound with the triflate counter ion, which on the other hand coordinates less strongly than the other two anions. The opposite is true in the coordination of the nitrogens of the cyano groups, the interaction energy increases with triflate < nitrate < chlorate counter anions.
The strong coordination of the counter ions can be seen in the UV-Vis spectra of the complexes.
The spectra were simulated with molecular models [Ag ( Figure S7 .
In summary, the counter ions were found to have a major effect on the coordination of the 4,5-dicyano-1-methylimidazole ligand with Ag + ions. Triflate ions were found to coordinate through only one oxygen with purely electrostatic interaction, and the other two oxygens formed stabilizing hydrogen-bonding interactions within the monomeric complexes.
Additionally, the fluorines at the other end of the triflates formed supporting hydrogen bonding with adjacent complexes. Therefore, the 3D network is formed via Ag-N coordination, and the counter anions lie at the center of the network. 
Conclusions
The counter ion was found to have a crucial effect on the solid state structure of the dicyano substituted methyl imidazole silver complexes. The dicyanoimidazole ligand preferably coordinates through the imidazole nitrogen, but also one or both of the cyano groups may be reactive, therefore the dicyano substituted methyl imidazole can act as a two or three dentate 
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